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(57) ABSTRACT

In one embodiment, a dual-mode earphone 1s provided, com-
prising a {irst earbud including a speaker with a diaphragm
and at least one acoustic port in front of the diaphragm, and a
cap 1n front of the speaker. The speaker or the cap 1s config-
ured to move relative to the other for opening and closing the
acoustic port 1n one embodiment and a movable seal 1s pro-
vided 1n another embodiment. The earphone further includes
a second earbud housing operably coupled to the first earbud
opposite the speaker. A method for providing acoustic equal-
ization 1n a dual-mode earphone 1s also disclosed.
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DUAL MODE EARPHONE WITH ACOUSTIC
EQUALIZATION

BACKGROUND

1. Field of the Invention

This ivention generally relates to earphones and, more
particularly, to an “in-the-ear” type of earphone with both a
loose-fitting earbud and a canal-occluding earbud.

2. Description of Related Art

One type of earphone, which can incorporate one or two
carpieces for monaural or stereo listening, 1s known as an
“in-the-ear” type earphone, which employs an earpiece that
fits 1nto the cavum area of a user’s ear.

Generally, 1in-the-ear type earphones can be divided into
one of two categories: the loose-fitting category and the
canal-occluding category. Loose-fitting earphones typically
have larger diameter faceplates that contact the ear and are
preferred for comfortable fit and open feel. Canal-occluding,
carphones (also known as 1solation earphones or insert ear-
phones) typically have a smaller form factor for fitting tightly
in the ear canal and are preferred for higher sound quality and
passive noise reduction. Users choose between these types of
carphones depending on their individual needs and priorities.

However, the same person may have different needs at
different times and 1n different situations. For example, one
may prefer i an airport the loose-fitting mode to hear
announcements but may prefer on the airplane the 1solation
mode. On other occasions, one might prefer the insert wear-
ing style for its superior sound quality even 1n a quiet envi-
ronment. In another example, one may prefer the loose-fitting,
mode when chewing or running as some people do not like
their ears occluded during these activities but are not willing,
to grve up listening to music or to miss handsiree phone calls.

A dual-mode earphone 1n which each side of a speaker 1s
acoustically coupled to a different type of earbud 1s known.
This type of earphone can work either 1n 1solation mode with
a canal-occluding earphone or 1n loose-fitting mode with a
loose-fitting earphone. However, in prior dual-mode ear-
phones, the audio quality has been compromised 1n one or
both of the earbuds due to the lack of acoustic equalization
capability.

Theretore, there 1s a need 1n the art for a dual-mode ear-
phone that 1s stmple to use and yet provides uncompromised
sound quality for both modes of the earphone.

SUMMARY

In accordance with the present imnvention, apparatus and
methods are disclosed for providing acoustic equalization in
a dual-mode earphone allowing for uncompromised sound
quality 1n both modes of the earphone.

In one embodiment of the invention, a dual-mode earphone
comprises a speaker with a diaphragm and a first earbud
including at least one acoustic port operably coupled to the
front of the diaphragm, and a cap 1n front of the speaker. The
speaker or the cap 1s configured to move relative to the other
for opening and closing the acoustic port. The earphone fur-
ther includes a second earbud housing opposite the speaker
including at least one acoustic port operably coupled to the
back of the diaphragm.

In another embodiment of the invention, dual-mode ear-
phone comprises a speaker with a diaphragm and a {irst ear-
bud including at least one acoustic port operably coupled to
the front of the diaphragm, a cap 1n front of the speaker, and
an adjustable seal operably coupled between the speaker and
the cap. The seal 1s configured to open and close the acoustic
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2

port. The earphone further includes a second earbud housing
opposite the speaker including at least one acoustic port
coupled to the back of the diaphragm.

In yet another embodiment, a method for providing acous-
tic equalization 1n a dual-mode earphone 1s disclosed, the
method comprising providing an earphone as described
above and adjusting the cap or the speaker to open or close the
acoustic port depending upon which of the first earbud or the
second earbud housing 1s to be iserted into a user’s ear.

Advantageously, the present invention provides earphones
and methods for use with improved audio quality and simple
acoustic equalization.

These and other features and advantages of the present
invention will be more readily apparent from the detailed
description of the embodiments set forth below taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1B illustrate a rear view and a side view, respec-
tively, and FIGS. 1C-1D 1illustrate perspective views, of a
dual-mode earphone 1n accordance with an embodiment of
the present invention.

FIGS. 2A-2B 1llustrate sectional views of the earphone of
FIGS. 1A-1D including an adjustable cap 1n an open position
and a closed position, respectively, 1n accordance with an
embodiment of the present invention.

FIGS. 3A-3B 1illustrate sectional views and FIGS. 3Al-
3B1 illustrate front views of an earphone including an adjust-
able twist cap 1n an open position and a closed position
respectively, 1 accordance with another embodiment of the
present 1nvention.

FIGS. 4A-4B illustrate sectional views of an earphone
including an adjustable speaker 1n an open position and a
closed position, respectively, in accordance with another
embodiment of the present invention.

FIGS. 5A-3C 1illustrate sectional views of an earphone
including a movable seal 1n an open position and a closed
position, respectively, 1n accordance with another embodi-
ment of the present invention.

Embodiments of the present invention and their advantages
are best understood by referring to the detailed description
that follows. It should be appreciated that like reference
numerals 1 different figures indicate similar or i1dentical
items. It should also be appreciated that the figures may not be
necessarily drawn to scale.

DETAILED DESCRIPTION

In all previous solutions known so far, the audio quality of

a dual-mode earphone including a loose-fitting earpiece and a

canal-occluding earpiece has been compromised because of

the combination of two physical phenomena:

1. Whether the ear canal 1s occluded or un-occluded, the
perception of sound always ensues from the acoustic pres-
sure at the ear drum after being filtered by the free-field
head-related transier function (HRTF) of the unoccluded
ear;

2. With a canal-occluding earbud, the sound pressure output
of the speaker 1s proportional to the displacement of the
speaker diaphragm, whereas 1n a loose-fitting earbud the
sound pressure output of the speaker 1s proportional to the
acceleration of the speaker diaphragm.

With existing dual-mode wearing solutions it 1s not possible

to reconcile these phenomena. For the purpose of explaining

this limitation, the operating frequency bandwidth will be
divided into low and high frequency regions.
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Atlow Irequencies, for example less than about 800 Hz, the
free-field HRTF 1s flat. This means that with insert earphones

the speaker diaphragm’s displacement must have the desired
frequency response; and with loose-fitting earphones the
speaker diaphragm’s acceleration must have the desired fre-
quency response. Obviously, the frequency response of the
acceleration of one side of the diaphragm cannot be the same
as the frequency response of the displacement of the other
side of the diaphragm.

In other words, if the diaphragm’s displacement 1s
expressed as

x(H)=X-sin(w-1)

then the diaphragm’s acceleration becomes

d° x

— = _w? X ssin(w D) = —w? - x(0)

a(l) =

That 1s, acceleration and displacement are out-of-phase;
and the ratio of acceleration to displacement 1s equal to the
transier function of a second order high-pass filter.

Athigh frequencies, for example greater than about 800 Hz
and less than about 7 kHz, the free-field HRTF of the unoc-
cluded ear has a peak at approximately 3 kHz due to a reso-
nance of the ear canal. Isolation earphones move this reso-
nance to a higher frequency by occluding the ear canal.
Therefore, for 1solation earphones the frequency response of
the displacement of the speaker diaphragm would preferably
have a resonance peak at approximately 3 kHz. However,
with loose-fitting earphones, the frequency response of the
acceleration of the speaker diaphragm (1.¢., that of the sound
pressure output of the speaker) would preferably be flat over
this frequency region. Obviously, opposite sides of the same
diaphragm cannot satisty both of these conditions.

It 1s noted that throughout this document, spatially relative
terms, such as “in front” and “behind”, may be used for ease
of description to describe one element or feature’s relation-
ship to another element(s) or feature(s) as illustrated in the
figures. For example, an acoustic structure “in front” of a
speaker diaphragm may be a loose-fitting earbud, and an
acoustic structure “behind” the speaker diaphragm may be a
canal-occluding earbud. However, the configuration of ear-
buds may be different in other embodiments, and the perspec-
tive from which an element 1s 1n front or behind another
clement may be changed without altering the scope of the
present 1vention. It will be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device 1n use or operation 1n addition to the
orientation depicted 1n the figures. For example, 11 the device
in the figures 1s turned over, elements described as “below™ or
“beneath” other elements or features would then be oriented
“above’ the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

In accordance with the present imnvention, apparatus and
methods are disclosed for providing acoustic equalization in
a dual-mode earphone, thus allowing for uncompromised
sound quality 1n both modes of the earphone.

Referring now to FIGS. 1A-1B, arear view and a side view
of a dual-mode earphone 100, respectively, are illustrated.
FIGS. 1C-1D illustrate perspective views of dual-mode ear-
phone 100. Earphone 100 may be used with an audio source,
such as a telephone handset, a cellular phone, a personal
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4

computer, a PDA, or a communication network. However, the
invention 1s not limited to recerving a signal from a specific
audio source. Furthermore, earphone 100 may be used for
either monaural or stereo listening by applying earphone 100
to one or each ear of a user.

In one embodiment, earphone 100 1includes a loose-fitting
carbud 102 and a canal-occluding earbud housing 104 oper-
ably coupled to earbud 102 along an interface 106. The canal-
occluding earbud housing may be sized to maximize fit into
the recess of the user’s ear and may seal to the inner features
of the user’s ear to block out external noise while directing
sound from the transducer to the eardrum. The loose-fitting,
carbud may have a wider faceplate and fit more loosely and
externally to the user’s ear canal as compared to the canal-
occluding earbud housing. In one example, loose-fitting ear-
bud 102 and canal-occluding earbud housing 104 may have
acoustic seal and wearing position characteristics 1 accor-
dance with the “acoustically open (controlled leakage) intra-
concha” type of earphone and the “acoustically closed (mini-
mum leakage) insert” type of earphone, respectively, as
defined by the international standard for sound system equip-
ment headphones and earphones, IEC 60268-7.

An ternal speaker 201 (FIGS. 2A-2B) 1s housed within
carbud 102 and used for both modes (loose-fitting and canal-
occluding) of earphone 100. In one example, the internal
speaker 1s an electro-acoustic speaker that receives audio
signals from an audio signal source and may comprise a
known type of electromagnetic, piezoelectric, or electrostatic
type of driving element, or a combination thereof, or even
some other form of driving element, for generating sound
waves from the output face of the speaker and toward the cap.
It 1s noted however that various applicable speakers may be
used.

Speaker wires operably connect the speaker to an audio
source. Speaker wires may extend outside of the earphone
housing and can be protected inside a cable 110, which 1s
made from a non-conductive material in one embodiment.
Optionally, a cable boot 108 may be operably connected to
the terface area between earbud 102 and earbud housing
104 where the cable enters the earphone and surrounds a
portion of the cable adjacent to the outside of the earphone.
The cable boot may be made from a hard or flexible material
in one embodiment and protects the area of the cable just
outside of earphone 100 from possible causes of disconnec-
tion, such as undesired bending and pulling that might cause
a malfunction. The invention is not limited to using the afore-
mentioned materials and the headset body, cable boot, and
cable may be made of any protective material, such as rubber
or polymer compounds.

Furthermore, a connector at the end of the speaker wires,
such as a RJ-11 connector or a 2-3.5 mm plug, may operably
connect the headset to an audio source, such as a telephone
handset, cellular telephone, or a computer. In other embodi-
ments, the mvention may be incorporated 1n wireless ear-
phones. In yet other embodiments, the dual-mode earphone
of the present invention may be used 1n conjunction with a
microphone to enable two-way voice communication by the
user. In one example, the microphone may be operably
enclosed 1n a pod below the dual-mode earphone 1n line with
cable 110.

Referring now to FIGS. 2A-2B, sectional views of the
dual-mode earphone of FIGS. 1A-1D along a line A-A (FIG.
1C) are 1llustrated 1n accordance with an embodiment of the
present invention. Loose-fitting earbud 102 includes an
adjustable cap 210, having a sealing surface 212 and an
acoustic aperture 214, operably coupled 1n front of a speaker
201. Speaker 201 includes a magnet 202 and a voice coil 203
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behind a diaphragm 204 housed between a front cover 2064
and a back cover 2065. The front cover 206a 1ncludes a front
acoustic port 208a and the back cover 2065 includes a back
acoustic port 208b6. In this embodiment, acoustic aperture
214, acoustic port 208a, and acoustic port 2085 are not
aligned to be along a straight path but this configuration is not
necessarily so, as described 1n other embodiments below. It 1s
also noted that in some embodiments, the speaker’s magnet
and coi1l may be arranged differently, or speaker 201 may not
include a magnet or a voice coil.

In accordance with an embodiment of the present mven-
tion, adjustable cap 210 1s movable between an open position
in which acoustic port 208a and acoustic aperture 214 are
open for providing a pathway for sound (FIG. 2A), and a
closed position 1n which acoustic port 208a 1s sealed against
sealing surface 212 and acoustic aperture 214 1s sealed
against the front cover 206a (FIG. 2B). In one example,
adjustable cap 210 1s movable between an open position and
a closed position by sliding means through which cap 210
slides over speaker 201, or screwing means through which
cap 210 includes internal threads and speaker 201 includes
external threads for screwing or twisting cap 210 between an
open position and a closed position.

In the sealed or closed position of the cap, all acoustic ports
and apertures 1n front of diaphragm 204 are sealed and the
mechanical impedance 1s that of the air spring from a small
volume of air trapped between the diaphragm 204 and front
cover 206qa. In the low frequency region (less than about 800
Hz), the mechanical impedance presented to the speaker 1s the
compliance of this air spring; therefore the diaphragm dis-
placement has a flat frequency response, and in the high
frequency region (more than about 800 Hz and less than about
7 kHz), at some characteristic frequency depending on the
elfective area of the diaphragm, the trapped air volume and
the moving mass of the speaker, the speaker diaphragm reso-
nates with this air spring. This acoustically induced resonance
results 1n a frequency response peak that matches that of the
open-ear HRTF (approximately 3 kHz) which would be
absent 1n the occluded ear canal. Thus, 1n the closed position
of the ear cap (FIG. 2B), the structure 1n front of the speaker
functions as an acoustic equalizer and the canal-occluding
carbud 104 1s optimized as an 1solation earphone to be sealed
to the ear canal. Passive attenuation 1s also provided to func-
tion as hearing protection 1n the 1solation mode.

In the open or unsealed position of the cap (FIG. 2A),
acoustic port 208a and acoustic apertures 214 are open for
passage of sound waves, and the speaker resonates at a sudfi-
ciently low frequency ideal for loose-fitting applications
(free-air resonance). Above this frequency (for example
about 250 Hz), the mechanical impedance presented to the
speaker 1s its own moving mass, and the diaphragm accelera-
tion therefore has a flat frequency response. The acoustically
induced 3 kHz resonance 1s removed from the speaker
because 1n the loose-fitting wearing style this resonance 1s
present 1in the unoccluded ear canal. Thus, 1n the open position
of the cap 210, the loose-fitting earbud 102 1s optimized as a
non-occluding earbud to be inserted in the concha but not
sealed to the ear canal.

Accordingly, adjustable cap 210 advantageously functions
as an acoustic equalizer and allows the user to experience
nearly the same frequency response in either wearing style as
when the earbuds are separately manufactured.

Referring now to FIGS. 3A-3B and 3A1-3B1, sectional
views and front views of a headset 300 (similar to sectional
views taken along a line A-A 1 FIG. 1C for example) are
illustrated in accordance with another embodiment of the
present mvention. Cap 310 1s movably coupled to speaker 301
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such that acoustic apertures 314 are aligned with acoustic
ports 3084 1n the open or unsealed position and not aligned 1n
the closed or sealed position.

Similar to the embodiment described above with respect to
FIGS. 2A-2B, a loose-fitting earbud of earphone 300 includes
an adjustable cap 310, having a sealing surface 312 and an
acoustic aperture 314, operably coupled 1n front of a speaker
301. Speaker 301 includes a magnet 302 and a voice coil 303
behind a diaphragm 304 housed between a front cover 306a
and a back cover 3065 (again 1t 1s noted that 1n some embodi-
ments, speaker 301 may not include a magnet or a voice coil).
The front cover 306a includes a front acoustic port 308a and
the back cover 3065 1ncludes a back acoustic port 308b.

As noted above, 1n this embodiment, acoustic aperture 314
and acoustic port 308a are aligned 1n the open position and
not aligned 1n the closed position to thereby seal the acoustic
ports and apertures in front of the diaphragm. Adjustable cap
310 1s movable between an open position 1n which acoustic
port 308a and acoustic aperture 314 are open for providing a
pathway for sound (FIGS. 3A and 3A1), and a closed position
in which acoustic port 308q 1s sealed against sealing surface
312 and acoustic aperture 314 1s sealed against the front cover
306a (FIGS. 3B and 3B1). In one example, adjustable cap 310
1s movable between an open position and a closed position by
twisting cap 310 over speaker 301 such that apertures 314 and
ports 308a are moved between an aligned position (FIG. 3A)
and an un-aligned position (FIG. 3B1).

Similar to the embodiment described above, 1n the sealed
or closed position of the cap, all acoustic ports and apertures
in front of diaphragm 304 are sealed and the structure in front
of the speaker functions as an acoustic equalizer and the
canal-occluding earbud 1s optimized as an 1solation earphone
to be sealed to the ear canal.

In the open or unsealed position of the cap, acoustic port
308a and acoustic apertures 314 are open for passage of
sound waves, and the speaker resonates at a suificiently low
frequency 1deal for loose-fitting applications (free-air reso-
nance). Thus, in the open position of the cap 310, the loose-
fitting earbud 1s optimized as a non-occluding earbud to be
inserted 1n the concha but not sealed to the ear canal.

Accordingly, adjustable cap 310 advantageously functions
as an acoustic equalizer and allows the user to experience
nearly the same frequency response 1n either wearing style as
when the earbuds are separately manufactured.

Referring now to FIGS. 4A-4B, sectional views of a head-
set 400 (similar to sectional views taken along a line A-A 1n
FIG. 1C for example) are illustrated in accordance with
another embodiment of the present invention. In this embodi-
ment, cap 410 1s fixed relative to the housing but speaker 402
1s movable, and the opening and closing of the ports and
apertures may be otherwise similar to the previous embodi-
ment described above with respect to FIGS. 2A-2B. A loose-
fitting earbud 1includes a fixed cap 410, with a sealing surface
412 and an acoustic aperture 414, operably coupled 1n front of
an adjustable speaker 401. Adjustable speaker 401 includes a
magnet 402 and a coil 403 behind a diaphragm 404 housed
between a front cover 406a and a back cover 4065 (again 1t 1s
noted that in some embodiments, speaker 401 may not
include a magnet or a voice coil). Front cover 4064 1ncludes
an acoustic port 408a and back cover 4065 includes an acous-
tic port 408b.

In accordance with an embodiment of the present inven-
tion, adjustable speaker 401 1s movable between an open
position 1 which acoustic port 408a and acoustic aperture
414 are open for passage of sound (FIG. 4A), and a closed
position in which acoustic port 408q 1s sealed against sealing
surface 412 and acoustic aperture 414 1s sealed against front
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cover 406a (FIG. 4B). In a preferred embodiment of the
invention, speaker 402 may be a dynamic speaker, and may be
movable by various means and methods, such as a button
actuator or an electric motor.

Similar to the embodiment described above, 1n the sealed
or closed position of the cap, all acoustic ports and apertures
in front of diaphragm 404 are sealed and the structure in front
of the speaker functions as an acoustic equalizer and the
canal-occluded earbud 1s optimized as an 1solation earphone
to be sealed to the ear canal.

In the open or unsealed position of the cap, acoustic port
408a and acoustic apertures 414 are open for passage of
sound waves, and the speaker resonates at a suificiently low
frequency 1deal for loose-fitting applications (Iree-air reso-
nance). Thus, 1n the open position of the cap 410, the loose-
fitting earbud 1s optimized.

Accordingly, adjustable speaker 401 advantageously func-
tions as an acoustic equalizer and allows the user to experi-
ence nearly the same frequency response in either wearing
style as when the earbuds are separately manufactured.

Referring now to FIGS. SA-5C, sectional views of a head-
set 500 (similar to sectional views taken along a line A-A 1n
FIG. 1C, for example) are illustrated in accordance with
another embodiment of the present invention. In this embodi-
ment, cap 510 and speaker 501 may be fixed and a separate
movable seal 516 may be operably coupled between cap 510
and speaker 501. A loose-fitting earbud 1ncludes a fixed cap
510, with a sealing surface 512 and an acoustic aperture 514,
operably coupled in front of an adjustable speaker 501.
Speaker 501 includes a magnet 502 and a coil 503 behind a
diaphragm 504 housed between a front cover 506a and a back
cover 5066 (again 1t 1s noted that 1n some embodiments,
speaker 501 may not include a magnet or a voice coil). Front
cover 506a includes an acoustic port 508a and back cover
5065 includes an acoustic port 5085. In this embodiment, seal
516 includes an aperture 518 aligned with acoustic port 508a.

In accordance with an embodiment of the present mven-
tion, adjustable seal 516 1s movable between an open position
in which acoustic port 508a and acoustic aperture 514 are
open for passage of sound (FIG. 5A), and a closed position 1n
which acoustic aperture 514 1s sealed (FIG. 5B) by moving,
seal 516 against sealing surface 512 of cap 510. Acoustic port
508a may remain open 1n this embodiment. It 1s noted that 1n
other embodiments, acoustic port 5085 may be sealed and
acoustic aperture 514 lett open in the closed position of seal
516 by not having the aperture of seal 516 aligned with
acoustic port 308a and moving seal 516 against front cover
506a (FIG. 5C). In yet other embodiments, both the acoustic
ports 508a and apertures 514 may be sealed by having seal
516 tightly fitbetween cap 510 and speaker 301 and including
seal apertures 518 which are not aligned with the ports or
apertures when the seal 1s moved to the closed position. In yet
other embodiments, the seal may include a plurality of aper-
tures aligned with both the acoustic apertures and acoustic
ports 1n the open position, and unaligned apertures 1n the
closed position to seal both the acoustic apertures and the
acoustic ports. Seal 316 may be movable by various means
and methods, such as a twistable or slidable plate (including
apertures) between the cap and speaker.

Thus, 1n the sealed or closed position of the seal, some (or
all) acoustic ports and/or apertures 1n front of diaphragm 504
are sealed and the structure 1n front of the speaker functions as
an acoustic equalizer and the canal-occluded earbud 1s opti-
mized as an 1solation earphone to be sealed to the ear canal.

In the open or unsealed position of the seal, acoustic port
508a and acoustic apertures 514 are open for passage of
sound waves, and the speaker resonates at a suificiently low
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frequency 1deal for loose-fitting applications (Iree-air reso-
nance). Thus, 1n the open position of the seal, the loose-fitting
carbud 1s optimized as a non-occluding earbud to be nserted
in the concha but not sealed to the ear canal.

Accordingly, the adjustable seal 516 advantageously func-
tions as an acoustic equalizer and allows the user to experi-
ence nearly the same frequency response in either wearing
style as when the earbuds are separately manufactured.

Advantageously, the present ivention discloses a single
carphone that provides high comfort with one wearing mode
and high performance with another wearing mode. Further-
more, the present invention optimizes both modes of a dual-
mode earphone with a simple acoustic equalizer that allows
the user to experience nearly the same frequency response in
cither wearing style as when the earbuds are separately manu-
factured. Thus, the earphone of the present invention may
provide the best possible acoustic quality (e.g., bass response)
with both wearing styles and the user can choose a wearing
style relatively independent from an acoustic response. For
example, the present mvention allows the user to select a
wearing style based on comiort, ambient noise 1solation, sta-
bility, and appearance instead of sound quality.

The above-described embodiments of the present inven-
tion are merely meant to be illustrative and not limiting. It waill
thus be obvious to those skilled in the art that various changes
and modifications may be made without departing from this
invention in its broader aspects. For example, different con-
figurations and numbers of apertures of the cap and ports of
the speaker covers are possible without departing from the
scope ol the present mvention. Therefore, the appended
claims encompass all such changes and modifications as fall-
ing within the true spirit and scope of this imnvention.

I claim:

1. A dual-mode earphone, comprising;:

a first earbud including;:

a speaker with a diaphragm and at least one acoustic port
in front of the diaphragm, and

a cap 1n front of the speaker, the speaker or the cap
configured to move relative to the other for opening
and closing the acoustic port; and

a second earbud housing operably coupled to the first ear-

bud opposite the speaker.

2. The earphone of claim 1, wherein the first earbud 1s a
loose-fitting earbud and the second earbud housing 1s a canal-
occluding earbud housing.

3. The earphone of claim 1, wherein the cap 1s adjustable
and configured to open and close the acoustic port against a
surface of a fixed speaker.

4. The earphone of claim 1, wherein the cap 1s adjustable
via screwing means or sliding means.

5. The earphone of claim 1, wherein the cap includes at
least one aperture and at least one sealing surface that can
substantially seal the acoustic port.

6. The earphone of claim 5, wherein the at least one aper-
ture 1s aligned with the acoustic port or not aligned with the
acoustic port.

7. The earphone of claim 1, wherein the speaker 1s adjust-
able and configured to open and close the acoustic port
against a surface of a fixed cap.

8. The earphone of claim 1, wherein the speaker includes at
least one acoustic port behind the diaphragm and 1n front of
the second earbud housing.

9. The earphone of claim 1, wherein the speaker and the cap
are both adjustable relative to one another.

10. A dual-mode earphone, comprising:

a first earbud including;:
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a speaker with a diaphragm and at least one acoustic port
in front of the diaphragm,

a cap 1n front of the speaker, and

an adjustable seal operably coupled between the speaker
and the cap, the seal configured to open and close the
acoustic port; and

a second earbud housing operably coupled to the first ear-

bud opposite the speaker.

11. The earphone of claim 10, wherein the first earbud 1s a
loose-fitting earbud and the second earbud housing 1s a canal-
occluding earbud housing.

12. The earphone of claim 10, wherein the seal 1s adjustable
via screwing means or sliding means.

13. The earphone of claim 10, wherein the cap includes at
least one aperture which can be closed by the seal.

14. The earphone of claim 13, wherein the at least one
aperture 1s aligned with the acoustic port or not aligned with
the acoustic port.

15. The earphone of claim 10, wherein the speaker includes

at least one acoustic port behind the diaphragm and 1n front of 20

the second earbud housing.

16. A method for providing acoustic equalization in a dual-
mode earphone, the method comprising;

providing a dual-mode earphone, including:

10

a first earbud having a speaker with a diaphragm and at
least one acoustic port in front of the diaphragm, and
a cap 1n front of the speaker, and
a second earbud housing operably coupled to the first
carbud opposite the speaker; and
adjusting the cap or the speaker to open or close the acous-
tic port depending upon which of the first earbud or the
second earbud housing is to be mserted 1nto a user’s ear.
17. The method of claim 16, further comprising opening

10 the acoustic port when the first earbud is to be 1nserted or

15

closing the acoustic port when the second earbud housing 1s to
be nserted.

18. The method of claim 16, wherein adjusting the cap
includes turning the cap or sliding the cap.

19. The method of claim 16, wherein adjusting the cap to
close the acoustic port includes interfacing a sealing surface
on the cap with the acoustic port.

20. The method of claim 16, further comprising transmit-
ting sound through the first earbud via the acoustic port in
front of the diaphragm or transmitting sound through the
second earbud housing via an acoustic port behind the dia-
phragm.
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